Abstract The Advisory Committee on Immunization Practices (ACIP) recommends that certain children under 9 years of age receive two influenza vaccine doses in a season for optimal protection. Recent data indicate that many of these children fail to receive one or both of these needed doses. Contributing factors to under-vaccination of this population remain unclear. Caregivers of children aged 6 months-8 years requiring two influenza vaccine doses in the 2010-2011 season were identified from households enrolled in four urban Head Start programs. Recruitment and survey administration were conducted between March and June 2011. The impact of caregiver, provider, and practice-based factors on influenza vaccine receipt was assessed using bivariate and multivariable logistic regression analyses. Caregivers (n = 128) were predominantly mothers, Latina, Spanish-speaking, and non-U.S. born. Few children received one (31 %) or both (7 %) influenza vaccine doses. Caregivers who discussed influenza vaccination with providers were more likely to know their child needed two doses (55 vs. 35 %, p \ 0.05) and have a fully vaccinated child (11 vs. 0 %, p \ 0.05). Among caregivers whose child received the first dose, those who reported being told when to return for the second dose were also more likely to have a fully vaccinated child (35 vs. 0 %, p = 0.05). Belief in influenza vaccine effectiveness was positively associated with vaccination (p \ 0.001), while safety concerns were negatively associated (p \ 0.05). This study highlights the importance of provider-family communication about the two-dose regimen as well as influenza vaccine effectiveness and safety.
Background
Infants and young children are at high-risk of influenzaassociated morbidity and mortality as well as transmission to other vulnerable populations [1] . The Advisory Committee on Immunization Practices (ACIP) recommends influenza vaccination of children aged 6 months or older, ideally before the onset of influenza activity each fall [1] . Certain children under age 9 years require two doses separated by at least 28 days in a season based upon their receipt of influenza vaccine in previous seasons.
Despite these recommendations, data indicate that many children for whom two doses are recommended fail to receive one or both of these necessary doses [2] [3] [4] [5] [6] . Moreover, even among those who are fully vaccinated, receipt of both doses commonly occurs after influenza begins to circulate within the community [7] . Several studies have examined factors affecting pediatric influenza vaccination in general [8] [9] [10] [11] [12] [13] [14] , yet the few studies of children requiring two doses have described only select demographic, visit, and vaccine delivery characteristics of large pediatric populations and practices [2, 3] . Identifying other family, provider, and systems-based factors influencing vaccination is a crucial first step in designing an intervention to improve complete and timely influenza vaccination of this population.
This cross-sectional survey study assessed family, provider, and systems-based factors impacting seasonal influenza vaccination among low-income, minority children requiring two doses during the 2010-2011 season.
Methods

Participants
This study was conducted in a low-income community in New York City. Caregivers were eligible for participation if their child was 6 months-8.5 years of age as of October 1, 2010 and required two seasonal influenza vaccine doses in the 2010-2011 season based upon prior receipt of seasonal and 2009 H1N1 influenza vaccines, per ACIP recommendations [1] . Eligible caregivers were identified from households enrolled in a randomized educational intervention aiming to improve care of upper respiratory infections for families of children attending four local Head Start Programs. Those in the intervention arm participated in two 1-h sessions focused on care of upper respiratory infections during which influenza and influenza vaccine were discussed briefly. Caregivers provided consent to review immunization records of all household children, i.e., not only those enrolled in Head Start. These records were reviewed to determine eligibility for the present study. This study was approved by the Columbia University Medical Center Institutional Review Board.
Data Collection
In total, 132 caregivers fulfilled eligible criteria. During home visits between March and June 2011, 128 (97 %) were approached to complete a survey addressing influenza vaccination of the youngest child in the household for whom two doses was recommended during the 2010-2011 influenza season [1] . After obtaining consent, the survey was verbally administered in English or Spanish by a trained research assistant. Survey responses were matched to each corresponding child's influenza vaccination status, determined using vaccine data from local hospital and citywide immunization registries. The former includes active vaccine records for [145,000 children seen at the hospital and affiliated clinics. It also synchronizes with the citywide immunization registry, which is a populationbased provider-mandated registry including approximately 93 % of vaccines given to children eligible for the Vaccines for Children (VFC) Program in New York City [15] . All children in this study were VFC-eligible. When records were unavailable in one of these registries (n = 4), immunization cards were reviewed. Caregiver report of vaccine receipt was not used. Baseline demographics and influenza knowledge were determined at the beginning of the 2010-2011 influenza season as part of the intervention study.
Survey Instrument
The survey instrument was designed based upon expert opinion and prior studies [8, 9] 
Measures
The primary outcome measure was influenza vaccine receipt (0, 1, or 2 doses) by March 31, 2011 . A secondary outcomes measure was full influenza vaccination (2 doses) by December 15, 2010 [2] . Independent variables of interest include demographic characteristics of the child (e.g., age, insurance status) and caregiver (e.g., race/ethnicity, language, nativity, education level), caregiver survey responses, and practice type. Child age at the time of survey administration in the spring 2011 was categorized into 6-23, 24-59 months, and 5-8 years. Practice type was stratified into hospital-affiliated community-based practice versus other community-based practice.
Analysis
Chi square and Fisher's Exact tests were used to assess the impact of child, caregiver, provider, and practice-based factors on influenza vaccination by March 31, 2011. (53) 35 (32) 8 (7) English/other 28 (36) 72 (26) 22 (8) 6 (2) Nativity 0.41 0.66 0.72 U.S. born 22 (28) 68 (19) 25 (7) 7 (2) Non-U.S. born 78 (100) 60 (60) 33 (33) 7 (7 Factors found to be significant at p \ 0.10 on bivariate analysis were entered into a multivariable logistic regression model to determine positive and negative predictors of any influenza vaccination (1 or 2 doses). Predictors of full influenza vaccination (2 doses) were not assessed using multivariable logistic regression due to the small sample that received both doses. Analyses were performed using SAS Version 9.3 (Cary, NC).
Results
Caregivers were predominantly Latina, Spanish-speaking, and foreign-born ( Table 1) . The majority had a high school education or less. Most were mothers (87 %), followed by fathers (7 %), grandparents (5 %), and other caregivers (1 %). Children were, on average, 4.6 years (range 14 months-8.75 years). Most were publicly insured and seen at community-based practices not affiliated with a hospital. In total, 38 % received at least one influenza vaccine dose and 7 % received both doses by March 31. The median interval between doses was 38 days (range 30-147 days). Only 2 % of all children received both doses by December 15.
No caregiver demographic characteristics were associated with influenza vaccination, with the exception of caregiver education level and any influenza vaccination (45 % of children whose caregiver had a high school education or less versus 27 % of those whose caregiver had greater than a high school education received at least one vaccine dose, p \ 0.05). Most caregivers had limited knowledge of influenza infection, but this did not impact influenza vaccine receipt (i.e., approximately three-quarters of caregivers, irrespective of the number of doses their child received, thought influenza infection was caused by a bacteria). Slightly less than half (48 %) of caregivers knew their child needed two doses of influenza vaccine that season.
Approximately two-thirds of caregivers reported that a provider discussed influenza vaccination with them.
Content included provider recommendations (e.g., ''recommended it very highly'') as well as communication about the importance of influenza vaccination (e.g., ''doctor told me the vaccine is important''), vaccine effectiveness (e.g., ''it was much better to give her the vaccine to avoid a stronger flu''), vaccine safety (e.g., ''there are not side effects''), and the two-dose regimen (e.g., ''importance of two doses''; ''he needs two doses''). Caregivers who reported discussing influenza vaccination with a provider were more likely to know their child needed two doses (55 vs. 35 %, p \ 0.05) and have a fully vaccinated child (11 vs. 0 %, p \ 0.05) compared to those who did not report discussing influenza vaccination with a provider. Among caregivers of children who received at least one vaccine dose, 61 % reported being told when to return for the second dose, yet only 18 % of these stated that they were told to return in 1 month.
Most caregivers (52 %) identified influenza vaccine effectiveness as the main reason underlying their vaccination decision. This reason was given more often by those who discussed influenza vaccination with a provider compared to those who did not (59 vs. 38 %, p \ 0.05). Vaccination decisions were also based on the belief that influenza vaccine is ineffective (13 %) or unsafe (15 %). Such perceptions about influenza vaccine effectiveness and safety impacted vaccination (Table 1) . Only 5 % of respondents identified provider recommendation or lack thereof as the main reason shaping their vaccination decision. Providers, however, were the main source of information about influenza vaccination in general (64 %) and two-dose requirements specifically (81 %). Other common sources included school/day care (14 %) and media/Internet (14 %).
Most influenza vaccine doses were administered at scheduled visits (80 % of first doses; 57 % of second doses) rather than walk-in visits (11 % of first doses; 14 % of second doses). Vaccination did not differ significantly between children attending hospital-affiliated versus other community-based practices, although there was a tendency for fewer children to have received 1 or 2 doses among those attending the other community-based practices (Table 1) . Child and caregiver demographic characteristics and caregiver beliefs about influenza vaccine effectiveness and safety were similar between hospital-affiliated and other community-based practices. There were also no differences between sites in the proportion of caregivers who reported discussing influenza vaccination with a provider or being informed of when to return for a second dose. The multivariable model of any influenza vaccination during the 2010-2011 season included four independent variables with p \ 0.10 on bivariate analysis (Table 1) : effective influenza vaccine identified as the main reason underlying the caregiver vaccination decision, caregiver influenza vaccine safety concern, provider discussion of influenza vaccination, and practice type. Reason for twodose eligibility and caregiver instruction of when to return for the second dose were excluded since they were less relevant to the analysis of any vaccination. The findings revealed that caregiver belief in influenza vaccine effectiveness was positively associated with any influenza vaccination (AOR 16.10, 95 % CI 5.32-48.71), whereas attending a non-hospital-affiliated community-based practice was negatively associated (0.20, 95 % CI 0.06-0.65). Caregiver safety concerns about influenza vaccine (AOR 0.75, 95 % CI 0.29-1.95) and provider discussion about influenza vaccination (AOR 0.93, 95 % CI 0.34-2.53) were no longer predictors of any influenza vaccination. Of note, intervention arm was not associated with influenza vaccination on bivariate analysis (intervention group: 63, 30, and 7 % received 0, 1, and 2 doses; control group: 60, 33, and 7 % received 0, 1, and 2 doses, respectively; p = 0.96).
Discussion
This study highlights the problem of influenza underimmunization among children requiring two influenza vaccine doses during the 2010-2011 season. These urban low-income minority children had particularly low rates of receiving their two needed doses (7 %) compared to rates reported previously among other children in this community (i.e., 29 % of eligible children received both doses in 2009-2010 season) [2] as well as nationally (i.e., 35.9 % of eligible 6-23 month-olds, 24.7 % of eligible 24-59 montholds, 17.5 % of eligible 5-8 year-olds received both doses in 2010-2011 season) [6] . Moreover, only three of the 128 children in this study received both doses by December 15, 2010, i.e., when influenza began circulating in this region [16] , leaving them vulnerable to influenza infection. Other studies from this community have revealed markedly low, albeit slightly higher, rates of timely vaccination coverage (i.e., 4-16 % with full vaccination by influenza activity onset in the 2008-2009 season) [7] , compared to somewhat higher rates of two-dose compliance by this time nationally (i.e., approximately 27-38 % in the 2008-2009 season) [3] . Consistent with these data, we previously found that Latino children exhibited a longer interval between the needed two doses compared to non-Latino white children. These findings could reflect particular barriers to influenza vaccination in this low-income minority population. These findings are especially worrisome given data that Latinos also may be at high risk of influenza exposure and influenza-associated complications [17, 18] . The present study offers insight into the multiple factors contributing to under-immunization and illustrates the critical role that providers may play in shaping caregiver knowledge, attitudes, and decisions about influenza vaccination.
Provider discussion with families about influenza vaccination was particularly influential in completion of the two-dose regimen, which has not been demonstrated previously. Specifically, we found that caregivers who had a conversation were more likely to have a fully vaccinated (2 doses) child than caregivers who had not. In fact, all caregivers of fully vaccinated children reported that a provider talked with them about influenza vaccination. When asked about the content of these discussions, some caregivers mentioned that the provider clarified the importance of and need for two vaccine doses. In addition, some reported being informed when to return for a second dose by the provider; those who did were more likely to have a fully vaccinated child. It is noteworthy that the timing given by caregivers was frequently inconsistent with ACIP recommendations, which this likely contributed to delayed completion among some partially vaccinated children. It is unclear whether the caregiver incorrectly recalled this timing or whether the provider indicated that the dose should be given at an interval other than the recommended one-month. In support of the latter, one previous study found that 15 % of providers were unaware of the appropriate interval between doses [19] .
Interestingly, while earlier studies have found that provider recommendation impacts general influenza vaccine acceptability and uptake among children [10] [11] [12] [13] 20] , provider recommendation in this study was infrequently identified as the ''main reason'' underlying the caregiver decision about influenza vaccination of children requiring two doses. Instead, caregiver perceptions about vaccine effectiveness and vaccine safety, consistent with previous studies including Latino populations [9, [21] [22] [23] , played a more prominent role in their influenza vaccination decision. These findings indicate that provider recommendation alone may be insufficient, as suggested recently for the HPV vaccine [24] . Providers-as the main source of influenza vaccine information identified-should be familiar with existing evidence and use effective communication tools to address parental knowledge gaps and J Community Health (2015) 40:227-234 231 common misconceptions [20, 25] . In support of this, we recently found that the children of urban Latino parents with vaccine safety fears and more limited communication with providers were more likely to miss an immunization appointment [26] . This study revealed that the majority of first and second doses were administered during preventive care visits. This, in addition to the key role that provider communication played in influenza vaccine receipt, highlights the critical importance of having regularly scheduled visits with a primary care provider in a medical home [26] [27] [28] . A recent study of inner-city minority children, for example, found that increased frequency of interaction with the usual source of medical care increased influenza vaccine receipt in the first season that the child was eligible [8] . While other settings such as schools, pharmacies, or public health clinics may be considered to enhance influenza vaccine uptake [29] , they are less ideal for addressing certain barriers to vaccination such as parental misconceptions and for delivering preventive care services in general.
Health information technology targeting providers and families also could improve timely completion rates among children requiring two doses by promoting exchange of crucial vaccine information [30] . Immunization information systems, which are increasingly linked with electronic health records (EHR) [31] , may enhance vaccine data quality and thus more accurately identify those children in need of two vaccine doses. Alerts in the EHR may be another useful strategy for identifying eligible recipients and prompting providers to discuss and offer influenza vaccine [32] , thereby reducing missed vaccination opportunities [33] . The use of clinician decision support in the EHR may be particularly valuable for children requiring two doses since one study found that approximately 40 % of providers were unclear which children should receive the two-dose regimen [19] . It may be especially useful for older children who need two doses, yet are less likely to receive them [2, 4, 6] or during seasons with changing recommendations, although it's important to note that influenza vaccination here did not differ based upon child age nor the reason for two-dose eligibility (i.e., prior seasonal vs. H1N1 vaccine receipt). These tools could be used during all types of provider visits [29] , and their integration into settings with lower influenza vaccination coverage such as the non-hospital-affiliated community-based practices in this study may be beneficial.
Other strategies may complement these approaches. For example, reminder/recall may be useful for informing parents when their child is due for the second dose and how they should go about receiving this dose (i.e., scheduling appointment vs. walk-in visit). A novel approach using text messaging has recently been shown to increase influenza vaccination coverage among low-income minority children [34] , a population for which traditional vaccine reminder/ recall approaches have been less effective [35] [36] [37] . An additional advantage of text messaging is the capability of embedding educational information, i.e., why two doses are needed or recommended timing of vaccination, into the general messages or through interactive features [38] . This could serve as a prompt for caregivers to act upon (i.e., initiate a conversation about influenza vaccine) during subsequent visits with their provider.
There are some limitations of this study. First, since it was conducted in a relatively small homogenous sample of low-income minority families from one urban community, its ability to detect significant differences in select variables and its generalizability to other populations may be limited. In addition, since all families had children enrolled in Head Start programs, children requiring two doses in this study were primarily between 3 and 5 years of age. It is important to recognize that, while data suggests that these older children are less likely than children aged 6-23 months to receive both needed doses [2, 4, 6] , the latter are at highest risk of influenza-related complications [1] . Further examination of under-immunization in this population is warranted given the limited number included here. Second, there may have been under-or over-reporting of influenza vaccination, although multiple sources were used to confirm vaccination status. Furthermore, while surveys were administered at the season's end to avoid impacting vaccination, this may have introduced recall bias. In addition, parents were also enrolled in an intervention study, which could have affected survey responses. However, no relevant differences were noted between study groups. Moreover, four of the 132 eligible participants were not approached about survey participation during the scheduled home visit for the intervention study, and return to these households was not possible due to limited staffing/resources. Lastly, certain providerand practice-based information that would have been useful in assessing missed vaccination opportunities was unavailable.
Conclusion
This study identified factors affecting influenza vaccination of low-income, predominantly Latino children requiring two doses in a season and illustrates the importance of enhanced provider-family communication about two-dose requirements as well as influenza vaccine effectiveness and safety. These findings could be useful when designing interventions to improve timely full vaccination of similar high-risk populations.
